In the current study, a total of 50 sheep, 23 goat and 60 human blood serum samples were collected for serological tests. A total of 30 (22 ewes and 8 does) milk samples, 43(25 ewes and 18 does) vaginal swabs, 14 preputial swabs from rams and 60 human citrated plasma were collected for bacteriological and molecular studies. All examined sheep and goat were non-vaccinated. Ewes and does had history of abortion, while rams had no clinical signs. Samples were collected from different localities at Minia governorate. Serological results using buffered acidified plate antigen test (BAPAT), rose Bengal test (RBT), rivanol test (RT), tube agglutination test (TAT), and indirect enzyme linked immunosorbent assay (iELISA) gave 32(64%), 30(60%), 26(52%), 31(62%), and 28(56%) in sheep; respectively, where in goat revealed 23(100%), 23(100%), 22(95.7%), 23(100%), and 22(95.7%) respectively. While human serum samples were 33(55%), 29(48.3%), 33(55%), 27(45%), and 23(38.3%); respectively. The bacteriological results revealed 35 isolates which were biochemically identified as B. melitensis biovar3 [10 (45.5%), 4 (50%), 4(16%), 10 (55.6%), 2 (14.3%), and 5 (8.3%)] from ewes' milk samples, does' milk samples, ewes' vaginal swabs, does' vaginal swabs, rams' preputial swabs and human citrated plasma; respectively. All 35 strains were molecularly identified using multiplex polymerase chain reaction (PCR) as B. melitensis. Conclusively, brucellosis was endemic at Minia governorate with a high level especially in goat. Rams act as chronic carriers leading to public health hazards. B. melitensis is the prevalent serotype in Egypt. More effective preventive and control measures should be applied.
INTRODUCTION
Brucellosis caused by the genus "Brucellae" which are Gram-negative and aerobic facultative intracellular coccobacilli which can infect cattle, sheep, goat, and other livestock animals (Corbel, 1997) . The Food and Agriculture Organization (FAO), the World Health Organization (WHO) and the Office International des Epizooties (OIE) considered brucellosis as one of the widest spread zoonotic diseases of domestic and wild animals throughout the world (Thakur et al., 2003) . Moreover, WHO recently estimated that the median global number of foodborne illness cases due to Brucella infection was BENHA VETERINARY MEDICAL JOURNAL, VOL. 36, NO. 2:66-76, JUNE, 2019
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393,239 (Havelaar et al., 2015) . The main etiologic agent of brucellosis in small ruminants was B. melitensis which could lead to abortion and reduction of milk production (Corbel, 2006; Hussein et al. 2019) . In Egypt, brucellosis is still endemic in human and animals at most parts of the country. Thus, the epidemiologic situation of the disease is obscure and needs more cultivation and biotyping of Brucella isolates for all governorates to adjust the control programs and to monitor outbreaks (Wareth et al., 2014) . The seroprevalence of human brucellosis was mentioned to be as high as 8 % in high-risk populations in Egypt (Samaha et al., 2009 ). The true incidence of human brucellosis in Egypt couldn't be well estimated as several cases are not informed to the public health authorities. Transmission of brucellosis to humans is strongly referred to contact with infected animals (Ramadan et al., 2019,c) . No single test could be used for serological diagnosis of brucellosis, so a combination of serological tests (BAPAT, RBT, TAT and RT) should be applied for reduction the number of false negative and false positive reactions (Montasser et al., 2011) . Moreover, ELISA is more suitable, sensitive and specific test (Fadeel et al., 2006) . In endemic countries, serological tests have to be accompanied with molecular detection and/or culture for the best diagnosis and control (El-Diasty et al., 2018) . Nucleic acid amplification methods such as PCR is rapid, sensitive, high specific and can overcome the limitations of conventional detection methods (Elfaki, et al., 2005) . Since eradication of the disease needs accurate diagnosis, the aim of the current work is serological, bacteriological and molecular investigation of brucellosis among sheep, goat and human in Minia governorate.
Materials and methods

Collection of samples:
Animal samples A total of 73(50 sheep and 23 goat) blood samples for sera separation were collected for serological tests. A total of 30(22 ewes and 8 does) milk samples, 43(25 ewes and 18 does) vaginal swabs and 14 preputial swabs from rams were collected for bacteriological and molecular studies. All examined sheep and goat were non-vaccinated. Ewes and does had history of abortion, while rams had no clinical signs.
Human samples
From persons who were in contact with brucellosis suspected sheep and goats, 60 blood samples for sera separation were collected for serological tests and 60 citrated plasma were collected for bacteriological and molecular studies.
Serological tests:
Buffered acidified plate antigen test (BAPAT)
The collected sheep and goat serum samples were examined using BAPA provided by Veterinary Serum and Vaccines Research Institute (VSVRI) (Abbasia Laboratories, Abbasia, Cairo, Egypt). The human serum samples were tested using cromatest which was obtained by LiNEAR (Barcelona, Spain). Any degree of agglutination was considered as positive results (OIE, 2015) .
Rose Bengal test (RBT)
All collected sheep, goat and human serum samples were tested using antigen stained with rose Bengal and buffered to a low pH, 3.65 ± 0.05 (IDEXX Laboratories, Pourquier, Hoofddorp, the Netherlands). Any degree of agglutination was considered positive results. The serum samples and antigen were carried at room temperature (22°C ± 4°C) (OIE, 2016) .
Tube agglutination test (TAT)
All tested animal and human serum samples were examined by TAT using B. abortus concentrated antigen (white antigen) obtained by VSVRI (Abbasia Laboratories, Abbasia, Cairo, Egypt). A visible agglutination at dilution of 1/40++ or more was considered positive (Alton et al., 1988; MacMillan, 1990) .
Rivanol test (RT)
All collected animal and human serum samples were tested by RT using rivanol antigen and solution obtained by VSVRI (Abbasia Laboratories, Abbasia, Cairo, Egypt). A complete agglutination at dilution of 1/25++ or more was considered positive (Alton et al., 1988; MacMillan, 1990) .
Indirect enzyme linked immunosorbent assay (iELISA)
All collected animal and human serum samples were tested with iELISA validated for the detection of anti-Brucella antibodies (SERELISA kit) provided by SYNBIOTICS (Gerland Plaza, Lyon, France), which contained all the necessary reagents. The test was performed according to the manual which was accompanied with the kit (Ekgatat et al., 2010) .
Bacteriology:
All collected milk samples, vaginal swabs, preputial swabs from sheep and goat and citrated plasma from human were cultured onto Brucella selective medium and incubated at 37°C in condition of 10% CO2 for 5 days. The suspected colonies were identified biochemically using phenotypical methods (morphology, CO2 requirements, H2S production, urease, catalase and oxidase activity, nitrate reduction, lactose fermentation, citrate utilization, grow in presence of thionine and fuchsin dyes (at different concentrations: 1 : 50,000 and 1 : 100,000), lysis by Tbilisi phage and agglutination with A and M anti-sera) (MacMillan, 1990 ).
Molecular identification:
All obtained isolated strains were suspected to molecular identification.
Extraction of crude DNA from bacteria:
DNA template was prepared by boiling according to OIE (2009) centrifuged for 10 min and the supernatants were used as DNA templates for PCR amplification stored at -20 till use.
Polymerase chain reaction (PCR):
PCR reaction was performed in a total volume of 25 μl with 5 μl of the DNA template, 25 pmol of each oligonucleotide primer (Metabion international AG) of Brucella. The primers B4 and B5 were designed to amplify a target sequence of 223-bp within a gene of Brucella cell surface protein (BCSP) code for the production of a 31-kDa membrane protein specific to the genus Brucella. Detailed sequence of the used primer was shown in Table ( 1). The cycling protocol was as follow: initial denaturation at 95°C for 5min. then 35 cycles of denaturation at 95°C for 45s, annealing at 55°C for 45s, extension at 72°C and final extension at 72°C for 10 min.
Multiplex PCR assay:
The assay was performed according to Bricker and Halling (1994) using a single reverse primer, targeting the Brucella insertion element IS711, and three different forward primers Table (1). The assay was performed using total volume of 50ul reaction mix contain 5ul of template DNA, 50 pmol of each primer and 1X of PCR mix. The cycling protocol was as follow: initial denaturation at 95°C for 4min. then 35 cycles of denaturation at 95°C for 1.15 min., annealing at 55°C for 1.15 min, extension at 72°C for 1.30 min. and final extension at 72°C for 10 min.
Analysis of PCR products:
The analysis was carried out according to Sambrook et al. (1989) using 1.5% ethidium bromide stained agarose gel and visualized under ultraviolet trans-illuminator.
Statistical analysis:
Chi-square statistic was used and (p<0.05) using IBM® SPSS statistic version 20 (SPSS Inc., Chicago, Illinois, USA). NS: Nonsignificant (P > 0.05).
RESULTS
Serological results:
Results of different used serological tests BAPAT, RBT, RT, TAT, and iELISA revealed 32 (64%), 30(60%), 26 (52%), 31 (62%), and 28 (56%) in sheep respectively, where in goat gave 23 (100%), 23 (100%), 22 (95.7%), 23 (100%), and 22 (95.7%) respectively. While human serum samples were 33 (55%), 29 (48.3%), 33 (55%), 27 (45%), and 23 (38.3%) respectively. Table ( 2) and Fig. (1) 
Bacteriological results:
A Out of 30 (22 ewes and 8 does) milk samples, 10 (45.5%) and 4 (50%) isolates respectively were isolated. Out of 43 (25 ewes and 18 does) vaginal swabs, 4 (16%) and 10(55.6%) isolates respectively were isolated. The fourteen rams' preputial swabs revealed 2 (14.3%) strains. While the sixty human citrated plasma gave 5 (8.3%) isolates. All isolates were biochemically identified as B. melitensis biovar3. Table ( 3) and Fig. (2) 
Molecular results:
The BCSP PCR assay of isolates revealed positive Brucella strains for all 35 isolates (lane 2-36). Lane Hegazy et al. (2011) found that the seroprevalence of brucellosis in Kafr-Elsheikh governorate was 12.2% and 11.3% in sheep and goat respectively.
The discrepancy between obtained and other previous results might be attributed to the variation in degree of infection, virulence of organism, previous exposure and stage of pregnancy affecting the antibody titer which usually reaches the diagnostic level after four weeks from exposure during fourth to sixth month of gestation and at 10 weeks after exposure in non-pregnant or in the first trimester gestation (Nicoletti, 1990) . Also, it might be attributed to that current study was applied to aborted non-vaccinated animals (Farghaly et al., 2018) .
In the present study, prevalence of human brucellosis using BAPA, RBT, RT, TAT and iELISA was 55%, 48.3%, 55%, 45% and 38.3% respectively as shown in table (2) .22% among abattoir workers. Otherwise, the current results were higher than that reported by Nagati and Hassan (2016) who found that the seroprevalence of human brucellosis was15.2% and Samaha et al. (2009) found that the seroprevalence of human brucellosis was 8%.
Regarding to the variety between results of different used serological tests, the percentages were higher using BAPAT, RBT and TAT than RT and iELISA. These obtained results could be explained by many previous studies which reported that BAPAT, RBT and TAT are more sensitive and less specific, while RT and iELISA are less sensitive and more specific. (Montasser et al., 2011; Ramadan et al., 2014; Ramadan et al., 2019,a) .
Bacterial culture is a gold standard with high specificity (Wareth et al. 2014) , thus, bacteriological isolation and identification were performed for accurate and confirmative diagnosis of serologically reactive animals. However, some Brucella microorganisms were not yet causing important serologic responses, could be isolated from milk samples and/or other tissues (Nagati and Hassan, 2016) . In the present study, bacteriological isolation yielded 35 isolates which were biochemically identified as B. melitensis biovar3 [10 (45.5%), 4 (50%), 4 (16%), 10 (55.6%), 2 (14.3%), and 5(8.3%)] from ewes' milk samples, does' milk samples, ewes' vaginal swabs, does' vaginal swabs, rams' preputial swabs and human citrated plasma respectively as illustrated in Table ( 3) and Figure ( 2). Because of Brucella DNA could be detected in pure culture and in clinical specimens (Colmenero et al. 2010) , diagnosis and bio typing of Brucella by PCR is more specific than serological tests and more sensitive than culture (Ramadan and Gafer, 2016; Hussein et al., 2019) . All obtained 35 isolates in the present study were confirmedly identified as B. melitensis BCSP and multiplex PCR. This finding emphasized that brucellosis is still endemic in Egypt caused mainly by B. melitensis biovar3 as the most prevalent serotype (Ramadan and Gafer, 2016; Hussein et al., 2019; Ramadan et al., 2019,b) .
In the running study, the higher prevalence rate of isolation was observed from milk samples acting a great public health significance and considered as a particularly serious hazard (ElSayed et al., 2011,b; Ibrahim et al., 2012) . Furthermore, the highest rate of isolation was remarked from goat' samples (milk and vaginal) accomplishing this animal as the main source of re-emerging the disease not only in the sheep and goat flocks, but also in the large ruminants, however, Egypt has mixed populations of sheep, goats, cattle, and buffaloes (Samaha et al., 2008) . In addition to Abd El-Fatah et al. (2014) recorded that the isolation rate was 100% from the milk of aborted does. Moreover, Ibrahim et al. (2012) recovered B. melitensis DNA from the milk of cattle, buffaloes, sheep, and goats in Menufiya, Gharbia, Behira, Fayoum, Aswan, Beni-Suef, and Sohag governorates.
High prevalence of brucellosis particularly in villages with very high seropositives showed a high tendency risk for transmission to humans and animals alike (Jackson et al., 2007) . In the present study, isolation of Brucella from human in contact to infected sheep and goat clarified the risk of developing of brucellosis in human which was attributed to poor animal handling practices or close animal contact and consumption of unpasteurized milk from these animals (Afifi et al 2005; Kavi et al. 2015) . Besides, Havelaar et al. (2015) mentioned that Brucella spp. considered as invasive disease agents and hazardous and their outcomes included in food borne disease in human. On the other hand, others reported that approximately more than half a million new infected cases of human brucellosis that was primarily an occupational disease were affecting persons in close contact with infected animals. (Kelkay et al., 2017) .
It is worth mentioning that two isolates (14.3%) were recovered from ram' preputial swabs and identified as B. melitensis biovar3. This finding considered rams act as chronic carriers and hazardous threads playing an important role in spreading the infection especially who giving their males for fertilization of other flocks. (Hegazy et al., 2016; Nagati and Hassan, 2016) .
CONCLUSION
In Egypt, brucellosis is still an endemic disease and one of the most economically devastating diseases for animal and human. The high prevalence of brucellosis in Minia governorate considered it as an epidemic area with this disease. Urgent needs of effective programs for the control of brucellosis in infected and reservoir animals, raising awareness between whose in contact with animals especially sheep and goat, and educational programs to those sharing in milk byproduct production and handling are required. A collaboration between public health and veterinary medical managements should be applied to train the physicians and the veterinarians for increasing the health awareness of people especially in rural community. Further studies on brucellosis should be conducted in other areas for setting up priorities for control measures.
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